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In the crystal structure of the title compound, [CoCl,-
(C;H,N,),], molecular units are formed by coordination of
the unsubstituted N atoms of two fert-butyl-substituted
imidazole molecules and two chloride ligands, which distin-
guishes the complex from structures of imidazolium-based
dications with tetrachloridocobaltate dianions. There are two
crystallographically independent molecules in the asymmetric
unit, related by a noncrystallographic inversion centre.

Comment

We have previously reported the syntheses of hexakis(1-
isopropylimidazole)calcium(IT) dichloride, [Ca(‘PrIm)]Cl,
and  di-u-chlorido-bis[tris(1-tert-butylimidazole)chloridocal-
cium(I1)], [(‘Bulm);CaCl( 1,-Cl),ClCa(‘Bulm);], as well as the
complex triaquatris(1-isopropylimidazole)magnesium(Il) di-
chloride, [Mg(‘PrIm)¢(H,0)3]Cl, (Unger et al., 2007). In these
cases, we synthesized the complexes from the respective
imidazoles and alkaline earth metal salts. We report here
the synthesis of bis(1-tert-butyl-1H-imidazole-kN*)dichlorido-
cobalt(II), (I), starting from the bis-imidazolium salt.
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In the asymmetric unit of (I) there are two crystal-
lographically independent molecules, A (including atom Col)
and B (atom Co2) (Fig. 1). They are related by a noncrys-
tallographic inversion centre. As can be seen from the Cl—
Co—N—C torsion angles (Table 1), the core geometry of

Figure 1
A perspective view of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.

molecules A and B differs only slightly. The Co" cation of (I) is
coordinated in a distorted tetrahedral geometry by two
chloride ligands (Table 1) and two 1-fert-butyl-1H-imidazole
ligands, which coordinate via N atoms. These bond lengths are
not significantly longer than in the analogous methyl-substi-
tuted complex bis(methylimidazole)CoCl, (Mukerjee et al.,
2000). Even the N—Co—N angle is comparable [Bu =
109.65 (7)° for molecule A and 116.50 (8)° for molecule B
versus Me = 110.6 (1)°], which shows that the steric demand of
the larger tert-butyl group has no influence on the coordina-
tion geometry. The most obvious difference is that in the
methyl-substituted case, the imidazole ligands have approx-
imate anti orientations, while in (I), the ligands are approxi-
mately syn, with the ethylene groups of the rings on the same
side of the complex. By quenching the reaction with elemental
sulfur we could show that the free carbene is formed under the

Figure 2
The head-to-tail arrangement of molecules A and B. Dashed lines
indicate hydrogen bonds.
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Figure 3

A stereoview of (I), showing the hydrogen-bonding network. Dashed lines indicate hydrogen bonds.

reaction conditions but decomposes relatively quickly. The H
atoms in the methylene bridge are acidic and not stable
towards the base potassium bis(trimethylsilyl)amide (KHMDS),
as we found large amounts of fert-butylimidazole in the solu-
tion. These form the observed product, which crystallized
from the tetrahydrofuran solution. As a consequence of their
acidity, imidazole atoms H11, H31, H81, H211, H231 and H281
take part in C—H- - -Cl contacts (Table 2 and Figs. 2 and 3). Six
contacts are shorter than the sum of the relevant van der
Waals radii (2.95 A; Bondi, 1964).

The most striking feature of (I) in the solid state is a head-
to-tail arrangement of molecules A and B. Atoms CI1 and CI3
of both molecules take part in bifurcated hydrogen-bond
bridges (Fig. 2). These dimers connect to form an infinite
double layer parallel to the ab plane via CI2"...H231 and
Cl4'. - \H31 contacts (Fig. 3; symmetry codes are as in Table 2).

Experimental

The bis-imidazolium salt was previously deprotonated by sodium
hexamethyldisilazan in tetrahydrofuran and the formation of the free
carbene could be independently confirmed (Douthwaite et al., 1999).
The corresponding nickel and palladium N-heterocyclic carbene
(NHC) complexes have been described in the literature (Douthwaite
et al., 2001, 2002) and the addition of sulfur leads to the dithiones
(Caballero et al., 2001; Herrmann et al, 1996). However, in this
instance, the addition of bis(triphenylphosphane)cobalt(II) chloride
(Cotton et al., 1961) did not lead to the expected formation of the
bis-carbene complex, and instead we isolated the N-coordinated
complex, (I). Crystals of (I) suitable for single-crystal X-ray diffrac-
tion were grown by diffusion of tetrahydrofuran into a toluene
solution of (I). The crystal selected for analysis was fixed in a capillary
with perfluorinated ether and transferred to the diffractometer.

Crystal data

[CoCly(CsH 15N,),] V = 367147 (5) A3

M, = 37820 Z=8

Monoclinic, P2, /Qc Mo Ka radiation
a=14.1054 (1) A =123 mm™"

b =14.5470 (1) A T=173K

¢ =187059 (2) A 0.33 x 0.33 x 0.05 mm
B =106.9542 (3)°
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Table 1 .
Selected geometric parameters (A, °).
Col—N1 2.0128 (17) Co2—N23 2.0110 (19)
Col—N3 20191 (17)  Co2—N21 2.0185 (19)
Col—Cll 22587 (6) Co2—Cl4 22699 (6)
Col—CI2 2.2604 (6) Co2—CI3 2.2757 (7)
N1—Col—N3 109.65 (7) N23—Co2—N21 116.50 (8)
N1—Col—-Cl1 109.36 (5) N23—Co2—Cl4 104.23 (6)
N3—Col—Cl1 110.70 (6) N21—Co2—Cl4 105.72 (6)
N1—Col—-CI2 104.51 (5) N23—Co2—CI3 108.64 (6)
N3—Col—CI2 105.03 (5) N21—Co2—CI3 106.16 (6)
Cl1—Col—CI2 117.25 (2) Cl4—Co2—CI3 115.96 (3)
Cl1—Col—N1—-C1 78.18 (18) CI3—Co2—N21—-C21 —64.6 (2)
Cl1—Col—N1-C2 —102.57 (16) CI3—Co02—N21—-C22 100.1 (2)
Cl2—Col—N1-Cl 15551 (17)  Cl4—Co2—N21—C21 1717 (2)
Cl2—Col—N1-—-C2 23.74 (17) Cl4—Co02—N21—-C22 —23.6 (2)
CI1 —Col1—N3—-C8 —56.1 (2) CI3—Co02—N23—-C28 53.7(2)
Cl1 —Col—N3—-C9 123.24 (17) CI3—Co2—N23—-C29 —119.31 (19)
CI2—Col1—N3—-C8 176.49 (19) Cl4—Co02—N23—-C28 178.0 (2)
Cl2—Col —N3—C9 —423(19)  Cl4—Co2—N23—C29 49 (2)

Data collection

& Minor, 1997)]

Tmin = 0.857, Tiyax = 1.000
74460 measured reflections
6741 independent reflections
5547 reflections with 7 > 20(1)
Rine = 0.056

Nonius KappaCCD area-detector
diffractometer

Absorption correction: multi-scan
[applied during the scaling
procedure (DENZO; Otwinowski

Refinement

R[F? > 20(F?)] = 0.032
wR(F?) = 0.076
§=1.03

6741 reflections

391 parameters

H-atom parameters constrained
APmax = 028 ¢ A3

Apuin = =030 e A3

H atoms were constrained to an ideal geometry using the standard
riding model implemented in SHELXL97 (Sheldrick, 2008). H atoms
were fixed with C—H = 0.98 A and Uiso(H) = 1.5U4(C) for methyl H
atoms or C—H = 0.95 A and Uy,(H) = 1.2U.(C) for aromatic H
atoms.

Data collection: COLLECT (Nonius, 2001); cell refinement:
DENZO (Otwinowski & Minor, 1997); data reduction: DENZO;
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Table 2 .

Hydrogen-bond geometry (A, °).

D-H--A D—H H--A D---A D-H--A
Cl—HI11---CI3 0.95 2.82 3.767 (2) 172
C3—H31---Cl4' 0.95 2.78 3.704 (2) 166
C8—HS81---CI3 0.95 2.73 3.618 (2) 157
C21—H211---Cll 0.95 2.73 3.669 (2) 169
C23—H231---CI2" 0.95 2.75 3.671 (3) 164
C28—H281- - -Cll1 0.95 2.80 3.643 (2) 148

Symmetry codes: (i) —x+ 1,y — 1, —z + 4 (i) —x,y + 1, —z + 1.

program(s) used to solve structure: SIR92 (Altomare et al., 1994);
program(s) used to refine structure: WinGX (Farrugia, 1999) and
SHELXL97 (Sheldrick, 2008); molecular graphics: DIAMOND
(Brandenburg, 2010) and PLATON (Spek, 2009); software used to
prepare material for publication: PLATON.

The authors are grateful for support from the Deutsche
Forschungsgemeinschaft (DFG) (grant No. STR 526/7-2).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: EG3092). Services for accessing these data are
described at the back of the journal.

References

Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, M. C,,
Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435.

Bondi, A. (1964). J. Phys. Chem. 68, 441-451.

Brandenburg, K. (2010). DIAMOND. Crystal Impact GbR, Bonn, Germany.

Caballero, A., Diez-Barra, E., Jalon, F. A., Merino, S. & Tejeda, J. (2001). J.
Organomet. Chem. 617-618, 395-398.

Cotton, F. A., Faut, O. D., Goodgame, D. M. L. & Holm, R. H. (1961). J. Am.
Chem. Soc. 83, 1780-1785.

Douthwaite, R. E., Green, M. L. H., Silcock, P. J. & Gomes, P. T. (2001).
Organometallics, 20, 2611-2615.

Douthwaite, R. E., Green, M. L. H., Silcock, P. J. & Gomes, P. T. (2002).
J. Chem. Soc. Dalton Trans. pp. 1386-1390.

Douthwaite, R. E., Haeussinger, D., Green, M. L. H,, Silcock, P. J., Gomes, P. T,
Martins, A. M. & Danapoulos, A. A. (1999). Organometallics, 18, 4584—
4590.

Farrugia, L. J. (1999). J. Appl. Cryst. 32, 837-838.

Herrmann, W. A., Koecher, C., Goosen, L. J. & Artus, G. R. J. (1996). Chem.
Eur. J. 2, 1627-1636.

Mukerjee, S., Skogerson, K., DeGala, S. & Caradonna, J. P. (2000). Inorg.
Chim. Acta, 297, 313-329.

Nonius (2001). COLLECT. Nonius BV, Delft, The Netherlands.

Otwinowski, Z. & Minor, W. (1997). Methods in Enzymology, Vol. 276,
Macromolecular Crystallography, Part A, edited by C. W. Carter Jr & R. M.
Sweet, pp. 307-326. New York: Academic Press.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122.

Spek, A. L. (2009). Acta Cryst. D65, 148-155.

Unger, Y., Taige, M. A., Ahrens, S. & Strassner, T. (2007). Inorg. Chim. Acta,
360, 3699-3704.

m168 Herdtweck et al. - [CoCl,(C;H1,N,),]

Acta Cryst. (2012). C68, m166—m168


http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB1
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB2
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB3
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB4
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB5
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB6
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB7
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB8
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB9
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB10
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB11
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB12
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB13
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB14
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB15
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB16
http://scripts.iucr.org/cgi-bin/cr.cgi?rm=pdfbb&cnor=eg3092&bbid=BB16

